Introduction
Vancomycin (VCM), a glycopeptide antibiotic, has antibiotic activity against Grampositive bacteria, including methicillin-resistant Staphylococcus aureus (MRSA).
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Hirano et al is a major known side effect of VCM. 2 The subtherapeutic range of VCM trough concentrations (<10 mg/mL) is associated with the emergence of heteroresistant vancomycinintermediate Staphylococcus aureus (hetero VISA), as well as treatment failure in patients with MRSA infections. 3, 4 Dose adjustment, based on therapeutic drug monitoring (TDM), is required to attain a serum VCM concentration within the therapeutic range. 2 Previous studies have demonstrated that VCM 24-hour area under the concentration-time curve (AUC 0-24 h)/minimum inhibitory concentration (MIC) is correlated with treatment outcomes of patients treated with VCM. 2, 5 Inappropriate pharmacokinetics (PK)/pharmacodynamics (PD) parameters are a potential risk factor for VCM treatment failure in patients with MRSA infections. [5] [6] [7] Practice guidelines for VCM TDM have been published by the Japanese Society of Chemotherapy and the Japanese Society of Therapeutic Drug Monitoring in Japan. 2 In contrast to the 2009 consensus guidelines published by the American Society of Health-System Pharmacists, the Infectious Diseases Society of America, and the Society of Infectious Diseases Pharmacists, the guidelines in Japan recommend a wide VCM trough concentration range (10-20 mg/mL). 2, 8 In our hospital, physicians carried out VCM TDM based on their experience, because pharmacists did not begin to participate in the dose adjustment of VCM until March 2012. Therefore, different target ranges of VCM trough concentrations were observed, which was a crucial problem in VCM monitoring. To resolve this problem, in April 2012, pharmacists put into practice a prospective audit of the initial VCM dosage and provided recommendations on dose adjustments, based on TDM for individual patients with MRSA infections.
Recently, Antimicrobial Stewardship Programs (ASPs) were proposed with the aim of preventing multidrug-resistant bacteria from developing and ensuring the appropriate use of antibiotics. 9 However, few studies have attempted to optimize therapeutic monitoring. In particular, whether a pharmacistmanaged ASP achieves optimal VCM trough concentrations and PK/PD parameters, in patients with MRSA infections, has not been thoroughly investigated. The main purpose of this study was to evaluate the impact of the ASP on attaining target VCM trough concentrations and PK/PD parameters in patients with MRSA infections.
Materials and methods
Study design and patients
We conducted a retrospective pre-and postcomparison study, from April 2007 to December 2011 (preimplementation group) and from April 2012 to December 2014 ( postimplementation group), in Aomori Prefectural Central Hospital, a general hospital with 695 beds in Aomori City, Japan. Of 817 (pre, n=456; post, n=361) patients treated with intravenous VCM, medical records of serum VCM concentrations for 431 patients (pre, n=182; post, n=249) were used for retrospective analysis (Figure 1 ). Patients treated with VCM for less than 3 days, patients under 18 years, patients with concomitant use of nephrotoxic agents (eg, aminoglycoside antibiotics, cyclosporine, and tacrolimus), patients who did not have steady-state VCM trough concentration samples, patients without isolation of positive cultured MRSA, patients requiring hemodialysis, and patients without symptoms of infection were excluded from the study. Diagnosis of MRSA infection was limited to patients with a positive culture for MRSA from clinical specimens (eg, sputum and pus) and symptoms of infection (eg, fever over 37°C and high concentrations of inflammatory markers). MRSA cultures of typically sterile specimens (eg, spinal fluid and blood) were positive in all patients. 10 Seventy-nine patients with MRSA infections were included in this study (pre, n=28; post, n=51). We evaluated VCM trough concentrations at steady state, clinical outcomes, and the percentage of patients who had undergone VCM dose adjustment and patients who had changed to different anti-MRSA antibiotics, based on pharmacist recommendations. The VCM trough concentrations at steady state were defined as those determined after the fifth dose or on day 3 after the initiation of therapy according to the guidelines for TDM. 2 Days from the initiation of VCM therapy to attaining target trough concentration were examined based on the records of TDM. The maintenance dose of VCM was adopted in the evaluation of dosage.
2 MIC values for VCM, between 0.5 and 2 mg/mL, were determined by the broth microdilution method, in 66 MRSA isolates (pre, n=15; post, n=51). The VCM AUC 0-24 h was calculated based on the Bayesian method, using Japanese population PK parameters and measured VCM trough concentrations at steady state in 65 patients (pre, n=15; post, n=50). Then, the VCM AUC 0-24 h/MIC ratio was evaluated. 11 The study protocol was approved by the Ethics Committee of Aomori Prefectural Central Hospital, and patient anonymity was assured. Patient consent was not required due to the retrospective nature of this study. 
Microbial analysis and laboratory data
Implementation of ASP by pharmacists
From April 2012, our ASP underwent a prospective audit, for the initial prescribed dosage of VCM, appropriate dose recommendations, and alternative anti-MRSA agents based on the results of steady-state VCM trough concentrations and clinical characteristics, by infectious diseases pharmacists. When patients receiving routine VCM therapy were identified, the estimated trough concentrations of the initial maintenance dose were calculated according to Japanese VCM population PK parameters using renal function, age, body weight, and sex. 11 Patients who received VCM therapy were identified by auditing records of VCM prescriptions. The concentration estimates were reported to medical physicians on the second day of therapy and a proposed dose adjustment was recommended by pharmacists based on measured VCM trough concentrations. Then, infectious diseases pharmacists offered dose recommendations to physicians, based on VCM steady-state trough concentrations. Exclusion criteria
• Administered VCM intravenously for less than 3 days (preimplementation, n=3; postimplementation, n=1)
• 18 years of age or younger (preimplementation, n=9; postimplementation, n=10)
• Concomitant use of nephrotoxic agents (preimplementation, n=2; postimplementation, n=5)
• VCM trough concentrations not obtained at steady state (preimplementation, n=2; postimplementation, n=6)
• Not diagnosed with MRSA infection due to negative MRSA culture (preimplementation, n=127; postimplementation, n=164)
• Patients requiring hemodialysis (preimplementation, n=4; postimplementation, n=3)
• 
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The target range of VCM trough concentrations was 10-20 mg/mL, according to Japanese VCM TDM practice guidelines published in 2012. 2 We recommended decreasing the VCM dose if maximum trough concentration exceeded 20 mg/mL; in these cases, the dosage of VCM was determined based on the renal function and body weight. In cases that the maximum trough concentration was less than 10 mg/mL, it was recommended that physicians increase the dose of VCM. We considered 3 g/d as the upper limit of dose in cases of increasing the dosage. We recommended the continuation of the initial VCM dosage within target range. We also recommended alternative anti-MRSA antibiotics in case we find patients with MRSA of MIC 2 mg/mL for VCM, patients with severe renal function, patients with unstable hemodynamics, or patients with lack of efficacy despite therapeutic range of VCM.
Clinical outcome analysis
VCM-induced AKI was evaluated based on risk injury failure loss end-stage renal disease criteria. 13 The efficacy of VCM therapy was evaluated by a 30-day mortality rate, after the initiation of VCM, as previously described. [14] [15] [16] The length of hospital stay was calculated from the initiation of VCM therapy to hospital discharge.
Calculation of PK parameters
According to previous reports, VCM PK parameters (eg, VCM clearance and volume of distribution) were calculated based on Bayesian forecasting methods, using individual VCM trough concentrations at steady state, creatinine clearance, and the Japanese VCM population PK parameters. 11, 17 A two-compartment model was applied for estimation of individual VCM PK parameters. 11 Calculation of individual VCM AUC 0-24 h was performed based on daily VCM dosage and VCM clearance predicted by Bayesian forecasting methods. Creatinine clearance was calculated using the Cockcroft-Gault equation. Among patients who changed VCM dosage based on TDM, AUC 0-24 h and trough concentration after the change of dosage were adopted for evaluation. The target VCM PK/PD parameter for calculated AUC 0-24 h/MIC was greater than that given in the guidelines.
2,8
Statistical analysis
Results are expressed as mean ± standard deviation or n (%). Continuous data were analyzed using the Student's t-test, and categorical data were analyzed using the χ 2 test. Variations in the trough concentration were evaluated based on the coefficient of variation and F-test. The 30-day mortality rate, length of hospital stay, and percentage of patients without therapeutic range of VCM trough concentration were examined by Kaplan-Meier plots and log-rank test. Receiver operating characteristic analysis was performed to predict the cutoff VCM trough concentration associated with AKI. P<0.05 was considered significant. All statistical analyses were performed using Excel-Toukei 2012 (Social Survey Research Information Co, Ltd, Tokyo, Japan).
Results
Patient characteristics
Of 817 (pre, n=456; post, n=361) patients who were treated with intravenous VCM, the percentage of patients whose serum VCM concentrations were measured was significantly higher during postimplementation (69%, 249/361) than during preimplementation (40%, 182/456), according to the χ 2 test (P<0.01). There were 79 patients (preimplementation, n=28; postimplementation, n=51) examined in this study (55 males, 24 females; mean age, 68.2±15.8 years old; age range, 22-93 years old). Patient demographics, dose and duration of VCM therapy, laboratory data, and site of infection are listed in Table 1 . No significant difference was observed in the duration of VCM therapy and dosage between pre-and postimplementation groups according to the Student's t-test. The F-test revealed that postimplementation patients had a significantly lower variation of mean VCM trough concentration than preimplementation patients (P<0.01).
Comparison of clinical and laboratory parameters in patients with pre-and postimplementation
Comparisons of VCM trough concentration at steady state, clinical outcomes, and PK/PD parameters between pre-and postimplementation of ASP are summarized in Table 2 . The percentage of patients whose VCM dose was changed or who received alternative anti-MRSA antibiotics after first TDM was significantly higher during postimplementation (65%, 33/51) than during preimplementation (29%, 8/28). The number of patients with VCM trough concentration in the subtherapeutic range (<10 mg/mL) was significantly lower during postimplementation (12%, 6/51) than during preimplementation (46%, 13/28). The number of patients with VCM trough concentrations in the therapeutic range (10-20 mg/mL) was significantly higher during postimplementation (84%, 43/51) than during preimplementation (39%, 11/28). The number of patients with VCM trough 
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Hirano et al concentration in the supratherapeutic range (>20 mg/mL) was lower during postimplementation (4%, 2/51) than during preimplementation (14%, 4/28); however, the χ 2 analysis showed that this difference was not significant (P=0.096). The percentage of patients who attained the target PK/PD parameter value (VCM AUC 0-24 h/MIC >400) was significantly higher during postimplementation (84%, 42/50) than during preimplementation (53%, 8/15; P=0.013).
The mortality rate within 30 days after the initiation of VCM therapy was similar during postimplementation (4%, 2/51) and preimplementation (7%, 2/28). The incidence of VCM-induced AKI during postimplementation (14%, 7/51) was similar to that during preimplementation (21%, 6/28).
Pharmacist recommendations and percent acceptance by physicians in postimplementation
Pharmacist recommendations and percent acceptance during postimplementation are listed in Table 3 . Increasing the dose of VCM was recommended for ten patients. Decreasing the dose of VCM was recommended for 18 patients. In five patients with 2 mg/mL of MRSA MIC value for VCM, VCMinduced AKI, unstable renal function, and lack of efficacy of VCM therapy in two patients with meningitis or pneumonia, the use of alternative anti-MRSA antibiotics was recommended for the following reasons. Pharmacists recommended that physicians use alternative anti-MRSA agents and change the dose of VCM for the 33 patients. Physicians made the recommended changes for 29 patients (88%). Percent acceptance for each recommendation is as follows: increasing of VCM dosage, 70% (7/10); decreasing of VCM dosage, 94% (17/18); and alternative anti-MRSA antibiotics, 100% (5/5).
Comparison of VCM trough concentration, AKI, and mortality rate
According to trough concentrations, patients were divided into four groups. Group 1 was VCM trough concentration <10 mg/mL (n=19), Group 2 was 10-15 mg/mL (n=38), Group 3 was 15-20 mg/mL (n=16), and Group 4 was >20 mg/mL (n=6). The AKI incidence and 30-day mortality rate of each group were compared (Figure 2 ). The incidence Kaplan-Meier plots of sequential parameters among patients during pre-and postimplementation
Comparisons of sequential parameters using Kaplan-Meier plots between pre-and postimplementation of ASP are shown in Figure 3 . The percentage of patients without target range of VCM trough concentration was significantly lower during post implementation than during preimplementation according to log-rank test (P<0.01). No significant difference was observed in the 30-day mortality rate or length of stay between pre-and postimplementation. We divided the patients into two groups according to days from the initiation 
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Antimicrobial Stewardship Program for VCM therapeutic monitoring of VCM therapy to attaining target range to evaluate whether the days to a therapeutic range of concentration are related to the clinical outcomes. Group A included patients attaining therapeutic range within 3 days of therapy (n=53), and Group B included patients attaining therapeutic range after more than 4 days of therapy (n=26). Group B included patients with subtherapeutic range of trough concentration. The cutoff value of days was determined by the median days from the initiation of VCM therapy to attaining target range among the total number of patients. The 30-day mortality rate and the length of hospital stay of each group were as follows: Group A: 6% (3/53) and 53.7±61.8 days, and Group B: 4% (1/26) and 50.4±51.1 days, respectively. No significant difference was observed in the 30-day mortality rate or length of hospitalization among the groups according to log-rank test.
Discussion
A prospective audit and feedback is one of the ASPs recommended by the Infectious Diseases Society of America. 9 One of the advantages of this intervention is that it enables realtime education of physicians without infringing upon physician autonomy to prescribe medications. 18 Some studies have demonstrated that implementation of a pharmacist-led VCM dosing protocol achieved a higher percentage of patients with VCM trough concentrations within the therapeutic range. 19, 20 However, there are few hospitals implementing such pharmacist-managed protocol therapy, because pharmacists are not permitted to write prescriptions and perform clinical laboratory tests in Japan. Therefore, we considered a prospective audit and feedback as a realistic approach to improve VCM therapeutic monitoring work, and carried out this program. 
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In our study, a significant difference was observed in patients with trough concentrations within the subtherapeutic range (<10 mg/mL) between pre-and postimplementation. In approximately 50% of the patients, the trough concentrations were within the subtherapeutic range during preimplementation, although a consensus review of guidelines for VCM TDM was published in 2009. 8 The subtherapeutic range of VCM trough concentrations is associated with the emergence of hetero VISA.
3 VCM therapy has not been recommended for patients with hetero-VISA due to lack of clinical efficacy. 21 The number of patients with VCM trough concentrations within the therapeutic range (10-20 mg/mL) was significantly higher during postimplementation (84%, 43/51) than during preimplementation (39%, 11/28). There was a significantly higher percentage of patients attaining the target PK/PD parameter value (AUC 0-24 h/MIC >400) during postimplementation (84%, 42/50) than during preimplementation (53%, 8/15). A significant difference was observed in trough concentrations between pre-and postimplementation based on the results of the F-test. These favorable effects on laboratory parameters were responsible for our ASP and high acceptance rate of recommendations by physicians during post implementation. No significant difference was observed in the incidence of AKI between pre-and postimplementation. A similar finding that a pharmacist-managed VCM protocol attained a higher rate of VCM trough concentrations within the therapeutic range, without increasing nephrotoxicity, has been reported. 19 Pharmacist recommendations to decrease the VCM dose had a high percent acceptance (94%, 17/18) during postimplementation. In addition, as a result of these recommendations, the percentage of patients with a VCM trough concentration in the supratherapeutic range (>20 mg/mL) decreased; there was the associated benefit of an increase in the number of patients who attained a therapeutic range of trough concentration without an increase in AKI.
We divided all patients into four groups and compared the AKI incidence rate and 30-day mortality rate of each group. There was a significant difference in the incidence of AKI between patients with >20 mg/mL and the other groups. We identified the cutoff VCM trough concentration that was associated with AKI: 14.5 mg/mL (sensitivity, 74%; specificity, 77%). This cutoff value compared well with a previous study. 22 High trough concentration (>15-20 mg/mL) was associated with an increase in VCMinduced AKI. 23 On the other hand, this range was recommended in guidelines to attain efficacy in patients with complicated MRSA infections (eg, bacteremia and meningitis). 2, 8 Therefore, close attention should be paid to nephrotoxicity in patients who maintain trough concentrations within this range.
Limitations
The limitations of this study were as follows. There was no significant difference in the 30-day mortality rate and length of hospital stay, although a large number of patients could attain VCM trough concentrations within the therapeutic range (10-20 mg/mL) during postimplementation. A previous study found that the efficacy of VCM therapy was improved by changing the target range of VCM trough concentrations from 5-20 mg/mL to 15-20 mg/mL in patients with MRSA infections. 24 Our results differed from previous findings. In addition to VCM trough concentration, other factors (eg, higher acute physiology and chronic health evaluation II score, MRSA strains that had 2 mg/mL MIC value for VCM) have also been reported as risk factors for VCM treatment failure in patients with MRSA infection. 25, 26 Among the 66 patients isolated MRSA with MIC values for VCM between 0.5-2 mg/mL, only one patient (2%, 1/66) had 2 mg/mL MIC value. In our hospital, approximately 96% of patients (64/66) had 1 mg/mL MIC value for VCM, which is higher than that of previous reports. 26 A significant difference was observed in some clinical parameters (eg, sex, patients with skin and soft tissue infection, and bacteremia infection) between pre-and postimplementation because a matched case-control study could not be performed due to lack of cases. This is a retrospective pre-and postcomparison study at a single institution. In addition to being a single-institution study, the sample size is small, because VCM serum concentration monitoring was performed in few patients in the preimplementation group. Therefore, meaningful statistical analyses could not be performed due to the insufficient number of patients. Further research, accounting for these factors, is required to evaluate the impact of ASP on the efficacy of VCM therapy.
The ASP in this study was a real-time audit of prescribed VCM dosage and recommendations based on the results of TDM by infectious diseases pharmacists. We were unable to participate in the initial VCM dosage calculation, which was the most serious limitation of our ASP. A previous study demonstrated that the loading dosage approach allowed for the VCM trough concentration to rapidly approach the therapeutic range, which led to favorable clinical outcomes, although no significant difference was observed in mortality rate concerning early attaining of therapeutic range in this study. 27 However, this approach has not yet been accepted in many hospitals. 28 The use of a weight-based dosing protocol increased the percentage of patients who could rapidly achieve the optimal VCM PK/PD parameter value. 20 Prescription writing by pharmacists is strictly limited in Japan. Pharmacist-managed treatment protocols will be required to address this limitation. 
Conclusion
Pharmacist recommendations based on the results of VCM TDM were highly accepted by many physicians in our hospital. Our ASP increased the percentage of patients attaining optimal VCM trough concentration and the PK/PD parameter value, which contributed to the appropriate use of VCM in patients with MRSA infections. Further research is required to evaluate the impact of this ASP on the efficacy of VCM therapy.
